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(54) Method for manufacturing an 10 element including a coil 



(57) A method for manufacturing an IC element in 
which antenna coil for wireless communication is uni- 
formly formed, said method comprising at least steps of: 
terming a required conductive pattem at least including 
plurality of antenna coil for wireless communication over 



a surface protection film of a wafer formed by a prede- 
termined process; and obtaining an IC element in which 
a single antenna coil is uniformly formed by way of a 
scriber wafer on which said required conductive pattem 
is formed. 
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Description 

[0001] The present invention relates to AN IC element 
formed integrally with a coil on a chip, a method of man- 
ufacturing the IC element, an information carrier incor- 
porating the IC element and a method of manufacturing 
the information carrier. 

[0002] Heretofore, such a contactless type infomna- 
tion carrier has been known which includes an IC ele- 
ment mounted intemally of a substrate having a prede- 
termined shape and an antenna coil electrically con- 
nected to the temninals of the IC element for effectuating 
in a noncontacting or contactless manner reception of 
electric power from a reader/writer and a signal trans- 
mission/reception with the reader/writer through the me- 
dium of the electromagnetic wave. As the infomiation 
earners of this species, there may be mentioned those 
refen-ed to as the card-like information caniers. the coin- 
like information earners, the button-like information car- 
riers and the like named after the external appearance. 
[0003] As the information earners of the types men- 
tioned above, the information earner having an antenna 
coil patterned on a substrate or the information carrier 
having an antenna coil composed of a coil carried on a 
substrate has heretofore been employed. However, in 
recent years, there has been proposed an information 
earner in which the IC element fomned integrally with the 
antenna coil is mounted on the substrate and which fea- 
tures the capability of being manufactured inexpensive- 
ly without need for the protection processing of the in- 
terconnection points between the antenna coil and the 
IC element and the moisture-proof treatment and addi- 
tionally the excellent durability owing to insusceptibility 
to breakage of coil conductor regardless of stresses in- 
duced upon bending, torsion or the like of the substrate. 
[0004] As a method of forming the antenna coil on the 
information earner, a sputtering method is adopted. 
Thus, the electric conductor of the antenna coil fomned 
integrally with the IC element is implemented in the form 
of an aluminum-sputtered film. 

[0005] In this conjunction, it is however noted that 
when the antenna coil is fonmed integrally on the IC el- 
ement, not only the winding diameter and the conductor 
width of the coil become smaller when compared with 
the case where the antenna coil composed of the wind- 
ing is earned on the substrate, but also the number of 
turns of the coil is naturally limited, making it difficult to 
increase the range or distance for communication with 
the reader/writer or rendering it even impossible to en- 
sure the communication range. 

[0006] In accordance with the present invention, there 
is provided a method for manufacturing an IC element 
in which antenna coil for wireless communication is uni- 
fomnly fonned. said method comprising the steps of: 

forming a required conductive pattem at least in- 
cluding plurality of antenna coil for wireless commu- 
nication over a surface protection film of a wafer, 



and 

obtaining an IC element in which a single antenna 
coil is uniformly formed by way of scriber wafer on 
which said required conductive pattern is formed. 

5 

[0007] According to a second aspect, the present in- 
vention provides an IC element formed integrally with a 
coil, wherein a conductor constituting the above-men- 
tioned coil is implemented in a multilayer structure in- 

to eluding a metal-sputtered layer or altematively a metal- 
evaporated layer and a metal-plated layer. 
[0008] Since the metal-plated layer has an electric re- 
sistance value smaller than the metal-sputtered layer or 
altematively the metal-evaporated layer, loss of the 

^5 electromagnetic energy can be diminished by imple- 
menting the electric conductor of the coil in a multilayer 
structure composed of the metal-sputtered layer or al- 
ternatively the metal-evaporated layer and the metal- 
plater layer when compared with the coil conductor eon- 

20 stituted solely by the metal-sputtered layer or altema- 
tively the metal-evaporated layer, whereby the distance 
or range for communication with the reader/writer can 
be increased. 

25 <|C element manufacturing method> 

[0009] There is provided according to a third aspect 
of the present invention, an IC element manufacturing 
method which includes a step of forming uniformly a 

30 metal-sputtered layer or altematively a metal-evaporat- 
ed layer on a surface passivation film of a finished wafer 
manufactured through a predetermined process, a step 
of forming unifomnly a photoresist layer on said metal- 
sputtered layer or altematively on said metal-evaporat- 

35 ed layer, a step of exposing said photoresist layer to light 
Illumination in a predetermined pattem inclusive of a coil 
for thereby exposing said metal-sputtered layer or alter- 
natively said metal-evaporated layer in said predeter- 
mined pattem after development, a step of laminating a 

AO metal-plated layer on exposed portions of said metal- 
sputtered layer or alternatively said metal-evaporated 
layer through an electroless plating method or altema- 
tively an electroplating method or alternatively through 
a precision electrofomning method, a step of eliminating 

45 the photoresist layer deposited on said finished wafer, 
a step of forming a predetermined conductor pattem 
corresponding to said predetemnined pattem by etching 
said metal-sputtered layer or altematively said metal- 
evaporated layer exposed through said metal-plated 

50 layer, and a step of obtaining a concemed IC element 
formed integrally with the coil by scribing said finished 
wafer. 

[0010] According to a fourth aspect of the present in- 
vention, there is provided a method which includes a 
55 step of fomning uniformly a photoresist layer on a sur- 
face passivation film of a finished wafer manufactured 
through a predetermined process, a step of exposing in 
said photoresist layer to light illumination in a predeter- 
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mined pattern inclusive of a coil for thereby exposing 
said surface passivation film in said predetermined pat- 
tern after development, a step of mounting the finished 
wafer undergone the development processing on a 
sputtering apparatus or a vacuum evaporation appara- 
tus for fonming a metal-sputtered layer or altematively a 
metal-evaporated layer on exposed portion of said sur- 
face passivation film, a step of eliminating the photore- 
sist layer deposited on said finished wafer, a step of lam- 
inating a metal-plated layer on said metal-sputtered lay- 
er or altematively said metal-evaporated layer through 
an electroless plating method or altematively through an 
electroplating method, and a step of obtaining a con- 
cemed IC element formed integrally w^ith a coil by scrib- 
ing said finished wafer. 

[0011] As is apparent from the above, by forming the 
required electric conductive pattern inclusive of the coil 
on the finished wafer to thereby obtain the concemed 
IC element by scribing the finished wafer, the IC element 
formed integrally with the coil can be manufactured with 
high efficiency when compared with the case where 
each of the individual IC elements are formed with a coil, 
whereby the manufacturing cost can be reduced. Fur- 
themnore, it is possible to implement the coils of a uni- 
form thickness with high precision for all the IC elements 
formed on the wafer, whereby variance or dispersion of 
the communication characteristics can be suppressed. 
[0012] Furthermore, it is noted that when the coil is 
fornied for each of the individual IC elements by using 
the sputtering method or altematively the vacuum evap- 
oration method and the plating method, there arises a 
problem concerning the insulation quality of the IC ele- 
ment due to deposition of unnecessary conductors on 
an outer peripheral portion of the IC element. Of course, 
when the required electric conductive pattern inclusive 
of the coil is formed on the finished wafer, the unneces- 
sary conductors may be deposited on the out peripheral 
portion of the finished wafer upon sputtering or the like 
process. However, the outer peripheral portion men- 
tioned just above is intrinsically to be disposed of as the 
unnecessary portion. Accordingly, there will arise no 
problem in respect to the insulation quality of the indi- 
vidual IC elements. 

<IC> 

[0013] According to a further aspect, the present in- 
vention provides an information carrier including a sub- 
strate having mounted thereon an IC element formed 
integrally with an antenna coil, wherein said IC element 
is disposed at a center portion of said substrate in a pla- 
nar direction perpendicular to a plane of said substrate. 
[0014] By disposing the IC element on the substrate 
at the center portion as viewed in the planar direction of 
the substrate as mentioned above, the center of the coil 
fornied integrally with the IC element and that of the an- 
tenna coil for the reader/writer can be easily aligned to 
each other. Thus, the coefficient of the electromagnetic 



coupling between both coils can be increased, whereby 
the electric power supply to the information carrier from 
the reader/writer as well as the signal transmission/re- 
ception between the reader/writer and the information 

5 carrier can be carried out with enhanced reliability. In 
particular, when the substrate which constitutes the in- 
fomiation carrier is shaped in a square shape, a regular- 
polygonal shape or the like which exhibits no or less di- 
rectivity relative to the reader/writer, the center of the 

10 coil formed integrally on the IC element can be aligned 
more easily with that of the antenna coil provided for the 
reader/writer, which allows the information carrier to be 
handled more faciiitativety. 

[001 5] Advantageously, the IC manufacturing method 
15 provided according to a third aspect of the present in- 
vention includes a step of bonding together a first strip 
material having regularly formed therein a number of 
through-holes in which IC elements can be inserted, re- 
spectively, and a second strip material formed with no 
20 through-hole, a step of placing and fixing the IC ele- 
ments each formed integrally with a coil in said through- 
holes, respectively, a step of bonding together said first 
strip material and aa third strip material having no 
through-hole, and a step of punching said first to third 
25 integrally bonded strip materials to thereby obtain the 
concemed information carriers each incorporating said 
IC element. 

[001 6] Advantageously, the IC manufacturing method 
provided according to a fourth aspect of the present in- 

30 vention includes a step of placing and fixing coils formed 
discretely independent of IC elements, respectively, in 
a number of ring-like recesses fonmed in a first strip ma- 
terial concentrically around through-holes, which are 
formed regularty in said first strip material and in which 

35 said IC elements can be inserted, respectively, a step 
of bonding a second strip materia! having no through- 
hole onto one surface of said first strip material, a step 
of placing fixedly said IC elements each fomied integral- 
ly with a coil in said through-holes, respectively, a step 

40 of bonding together said first strip material and a third 
strip material having no through-hole, and a step of 
punching said first to third strip materials bonded inte- 
grally, to thereby obtain desired information carriers 
each including the IC element and the coil fomried dis- 

45 cretely independent of said IC element. 

[0017] As is apparent from the above, the strip lami- 
nation in which the required IC elements (or altematively 
the IC elements and the coils) are embedded is manu- 
factured, whereon the concerned or desired information 

50 carriers are formed by punching the strip lamination. 
Thus, the identical information carriers can be manufac- 
tured with high efficiency, whereby the cost involved in 
manufacturing the desired information carriers can be 
reduced. 

55 [0018] Incidentally, in the manufacturing methods ac- 
cording to the third and fourth aspects described above, 
the substrate of the information carrier is formed of three 
members (i.e.. the first to third strip members), it is 
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equally possible to implement the substrate for the in- 
formation carrier with two members by forming the re- 
cesses for accommodating the IC elements, respective- 
ly, in the first strip material instead of adopting the struc- 
ture in which the through-holes for accommodating the 5 
IC elements, respectively, are formed in the first strip 
material. 

[0019] Furthermore, in the manufacturing methods 
according to the third and fourth aspects described 
above, the IC elements (or the IC elements and the 
coils) are completely embedded internally of the strip 
materials. However, it is also possible to make the IC 
elements (or the IC elements and the coils) be exposed 
exteriorly from one surface of the strip material by seal- 
ing oiT the through-holes or 

the recesses formed in the strip material with a resin af- 
ter having placed the IC elements (or the IC elements 
and the coils) in the through-holes or the recesses, re- 
spectively. 

[0020] Besides, when the IC elements (or the IC ele- 
ments and the coils) is to be exposed externally of the 
one suri'ace of the strip material, the substrate of the 
information carrier can be formed by a single member 
by forming the recesses for accommodating the respec- 
tive tC elements (or the IC elements and the coils) in the 
strip material. 

[0021 ] Embodiments of the present invention will now 
be described by way of non-limitative example with ref- 
erence to the accompanying drawings, in which: 

Figures 1A, IB and 1C are plan views showing IC 
elements according to exemplary embodiments, re- 
spectively. 

Figures 2A and 2B are sectional views showing ma- 
jor portions of IC elements according to exemplary 
embodiments, respectively. 
Figure 3 is a plan view showing a finished wafer. 
Figures 4A, 4B, 4C, 4D, 4E and 4F are views for 
illustrating stepwise a first example of an IC element 
manufacturing method according to the present in- 
vention. 

Figures 5A, 5B, 5C, 5D and 5E are views for illus- 
trating stepwise a second example of the IC ele- 
ment manufacturing method according to the 
present invention. 

Figure 6 is a plan view showing a finished wafer 
having formed thereon a required electric conduc- 
tive pattern inclusive of an antenna coil. 
Figure 7 is a partially broken plan view of an infor- 
mation carrier according to a first exemplary em- 
bodiment. 

Figure 8 is a developed perspective view showing 
the information carrier according to the first exem- 
plary embodiment. 

Figure 9 is a sectional view of the information carrier 
according to the first exemplary embodiment. 
Figure 1 0 is a view illustrating the information carrier 
according to the first exemplary embodiment in the 



state being used. 

Figure 11 is a sectional view of an information car- 
rier according to a second exemplary embodiment. 
Figure 12 is a sectional view of an information car- 
rier according to a third exemplary embodiment. 
Figure 13 is a sectional view of an information car- 
rier according to a fourth exemplary embodiment. 
Figure 14 is a sectional view of an Information car- 
rier according to a fifth exemplary embodiment. 
Figure 1 5 is a sectional view of an information car- 
rier according to a sixth exemplary embodiment. 
Figure 16 is a sectional view of an information car- 
rier according to a seventh exemplary embodiment. 
Figure 17 is a sectional view of an information car- 
rier according to an eighth exemplary embodiment. 
Fig. 18 is a fragmental perspective view showing a 
first example of a strip material. 
Fig. 19 is a fragmental F>erspective view showing a 
second example of the strip material. 
Fig. 20 is a fragmental perspective view showing a 
third example of the strip material. 
Fig. 21 is a fragmental perspective view showing a 
fourth example of the strip material. 
Fig. 22 is a fragmental perspective view showing a 
fifth example of the strip material. 

<IC element> 

[0022] In the following, description will be made of IC 
elements according to exemplary embodiments of the 
present invention by reference to Figs. 1A, IB and 1C 
together with Figs. 2A and 2B, wherein Figs. 1 A, 1 B and 
IC are plan views showing the IC elements according 
to the exemplary embodiments, respectively, of the in- 
vention and Figs. 2A and 2B are sectional views show- 
ing major portions of the IC elements according to the 
exemplary embodiments, respectively, of the invention. 
[0023] As is shown in Figs. 1A, IB and IC and Figs. 
2A and 2B, in each of the IC elements according to the 
instant exemplary embodiments, an antenna coil 3 of a 
rectangular spiral pattern is formed integrally on a sur- 
face of the IC element 1 in which input/output terminals 
1a thereof are formed through the medium of an elec- 
trically insulative surface passivation film 2 such as a 
silicon oxide film, a resin film or the like. 
[0024] In the case of the IC element 1 shown in Fig. 
1 A, the antenna coll 3 is formed only in an outer periph- 
eral portion exclusive of a circuit forming portion 4. By 
virtue of this structure, appearance of stray capacitance 
between the circuit formed in the IC element 1 and the 
antenna coil 3 can be prevented, whereby the efficiency 
of electric power reception from a reader/writer as well 
as the efficiency of signal transmission/reception with 
the reader/writer can be enhanced. 
[0025] In the case of the IC element 1 shown in Fig. 
1 B. the antenna coil 3 is so formed as to extend over 
the circuit forming portion 4. With this structure, the 
number of turns of the antenna coil can be increased, 
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whereby the efficiency of power reception from the read- 
er/writer as well as the efFiciency of signal transmission/ 
reception with the reader/writer can be much enhanced. 
[0026] Incidentally, in the case of the exemplary em- 
bodiment shown in Fig. 1B, the antenna coil is overlaid 5 
partially on the circuit forming portion 4. However, it is 
equally possible to form the antenna coil over the whole 
circuit forming portion 4 with a view to implementing the 
IC element in a miniature size at low cost. 
[0027] In the IC element 1 shown in Fig. IC, comer 
portions of the antenna coil 3 formed In a rectangular 
spiral pattem are chamfered obliquely. Owing to this fea- 
ture, current concentration in the corner portions can be 
prevented with the resistance value of the antenna coil 
3 being thereby decreased, as a result of which the ef- 
ficiency of power reception from the reader/writer as well 
as the efficiency of signal transmission/reception with 
the readerAvriter can be much more enhanced. The cor- 
ner portion may be chamfered arcuately substantially to 
the same effect. Furthermore, although it is preferred to 
chamfer both the inner and outer peripheral edge por- 
tions of the individual turns, only the outer peripheral 
edge portions may be chamfered substantially to the 
_similar effect. 

[0028] In any cases of the antenna coils 3 described 
above, the line width of the antenna coil 3 should pref- 
erably be greater than 7 ^m inclusive, the intertum dis- 
tance should preferably be shorter than 5 jxm inclusive 
and the number of turns should preferably be greater 
than 20 tums inclusive in order to ensure that sufficient 
electric power can be fed to the antenna coil while real- 
izing desirable characteristics for the communication 
with the reader/writer in practical applications. 
[0029] Interconnection of the input/output terminals 
1a of the IC element 1 and the antenna coil 3 are made 
through-holes 5 opened in the surface passivation film 
2. In that case, the diameter or width of the through-hole 
5 should preferably be sized smaller than the line width 
of the antenna coil 3, as can be seen in Figs. 2 A and 
2B, so that the input/output terminal 1a and the antenna 
coil 3 can be interconnected without fail even in the case 
the position at which the antenna coil 3 is formed devi- 
ated more or less from that of the antenna coil. 
[0030] The conductor constituting the antenna coil 3 
is implemented in a multilayer structure which includes ^5 
a metal-sputtered layer or altematively a metal-evapo- 
rated layer 6 and a metal-plated layer 7, as shown in 
Figs. 2A and 2B. In the case of the example shown in 
Fig. 2A, the metal-plated layer 7 is formed only on the 
top surface of the metal-sputtered layer or altematively 50 
metal-evaporated layer 6. On the other hand, in the case 
of the example shown in Fig. 28, the metal-plated layer 
7 is so formed as to cover the whole surface of the metal- 
sputtered layer or altematively metal-evaporated layer 
6. The metal-sputtered layer or altematively metal- 5S 
evaporated layer 6 and the metal-plated layer 7 can be 
formed of a given electrically conductive metal or met- 
als. However, it is preferred to form the metal-sputtered 



layer or altematively metal-evaporated layer 6 of alumi- 
num or nickel or copper or chromium because of rela- 
tively low cost and high electric conductivity. Further, the 
antenna coil can be formed in a single layer or in a lam- 
inated structure including a combination of plural layers, 
as can be seen in Figs. 2A and 28. The metal-plated 
layer 7 should preferably be formed of copper by resort- 
ing to a non-electrolytic plating method or an electroplat- 
ing method or a precision eiectroforming method. 

<IC element manufacturing method> 

[0031] Next, description will be made of exemplary 
embodiments of the IC element manufacturing method 
according to the present invention by reference to Figs. 
3 to Fig. 6. wherein Fig. 3 is a plan view of a so-called 
finished wafer which has been completed through pre- 
determined treatment processes. Figs. 4A. 48, 4C. 4D, 
4E and 4F are views for illustrating stepwise a first ex- 
ample of the IC element manufacturing method accord- 
ing to the present invention, Figs. 5A, 58, 5C, 5D and 
5E are views for illustrating stepwise a second example 
of the IC element manufacturing method according to 
the present invention, and Fig. 6 is a plan view of a fin- 
ished wafer having formed thereon a required conduc- 
tive pattem inclusive of the antenna coil. 
[0032] As is shown in Fig. 3, a large number of circuits 
12 for the IC element are formed with equidistance in 
an inner portion exclusive of the outermost peripheral 
portion, wherein the surface passivation film 2 is formed 
over the surface on which the circuits for the IC element 
are fomied (see Figs. 4 and 5) . 
[0033] In the IC element manufacturing method ac- 
cording to a first exemplary emkx>diment shown in Figs. 
4A, 48, 4C, 4D, 4E and 4F, the metal-sputtered layer or 
altematively metal-evaporated layer 6 is formed uni- 
formly on the surface passivation film 2 deposited on the 
circuit-formed surface of the finished wafer 11 by using 
aluminum or an aluminum alloy or altematively copper 
or a copper alloy, as is shown in Fig. 4A. Subsequently, 
a photoresist layer 12 is uniformly formed on the metal- 
sputtered layer or altematively metal-evaporated layer 
6 and then the photoresist layer as formed is covered 
with a mask 13 of a required pattem inclusive of the 
coils, whereon the photoresist layer 12 is exposed to il- 
lumination of light rays 14 of a predetermined wave- 
length externally of the mask 1 3, as is shown in Fig. 48. 
Thereafter, the photoresist layer 12 undergone the light 
exposure is subjected to a developing process, whereby 
the light-exposed portions of the photoresist layer 1 2 are 
removed, as a result of which the portions of the metal- 
sputtered layer or altematively metal-evaporated layer 
6 which correspond to the above-mentioned light expo- 
sure pattem is exposed outwardly, as is shown in Fig. 
4C. The exposure pattem of the metal-sputtered layer 
or altematively metal-evaporated layer 6 includes a ring- 
shaped electrode portion 15. the antenna coils 3 formed 
on the portions opposite to the aforementioned circuits 
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12, respectively, and lead portions 16 for connecting the 
individual antenna coils 3 and the electrode portion 15, 
as is shown in Fig. 6. In succession, by making use of 
the above-mentioned electrode portion 15 as one elec- 
trode, electroplating or precision electroforming process 
is performed on the exposed portions of the metal-sput- 
tered layer or alternatively metal-evaporated layer 6. to 
thereby laminate the metal-plated layers 7 on the ex- 
posed portions of the metal-sputtered layer or altema- 
tively metal-evaporated layer 6. as Is shown in Fig. 4D. 
Subsequently, the photoresist layer 1 2 deposited on the 
surface of the finished wafer 11 is removed through an 
ashing or the like process to thereby obtain the finished 
wafer 11 formed with the metal-plated layer 7 including 
the electrode portion 1 5. the antenna coils 3 and the lead 
portions 16 deposited on the uniform metal-sputtered 
layer or altematively metal-evaporated layer 6. as 
shown in Fig. 4E. In succession, the metal-sputtered 
layer or alternatively metal-evaporated layer 6 exposed 
through the metal-plated layer 7 is selectively etched to 
thereby remove the metal-sputtered layer or alternative- 
ly metal-evaporated layer 6 exposed externally through 
the metal-plated layer 7, as is shown in Fig. 4F. Thus, 
there is obtained the finished wafer 11 on which both the 
metal-sputtered layer or altematively metal-evaporated 
layer 6 and the metal-plated layer 7 are formed in the 
required conductive pattem shown in Fig. 6. Finally, the 
finished wafer 11 mentioned just above is scribed to ob- 
tain the desired IC elements 1 shown in Fig. 1. 
[0034] Incidentally, in the exemplary embodiment de- 
scribed above, the electroplating method or precision 
electroforming method is adopted as the process for 
forming the metal-plated layer 7. It should however be 
understood that instead of these methods, an electro- 
less plating method may be resorted to for forming the 
metal-plated layer 7 mentioned above. In that case, 
since no electrode is required for forming the metal-plat- 
ed layer 7, it is unnecessary to form the electrode portion 
15 and the lead portions 16 upon exposure of the pho- 
toresist layer 12 to light illumination. 
[0035] The electroless plating method is also refen-ed 
to as the chemical plating and destined for deposition of 
metal ions by immersing a substrate metal in a bath con- 
taining a metallic salt solution of plating metal. The elec- 
troless plating method features that a metal-plated layer 
which exhibits high adhesion and having a uniform and 
adequate thickness can be formed with relatively simple 
equipment. The metallic salt mentioned above serves 
as a supply source of metal ions to be deposited. For 
plating with copper, a solution of copper sulfate, cupric 
chloride, copper nitrate or the like is used as the plating 
solution. The metal ions such as copper ions or the like 
ions are deposited only on the metal-sputtered layer or 
altematively metal-evaporated layer 6 serving as the 
substrate and not deposited on the electrically insulative 
surface passivation film 2 (or passivation film). The sub- 
strate is required to exhibit less ionization tendency for 
the plating metal ions and exhibit a catalytic action for 



deposition of the plating metal ions. Such being the cir- 
cumstances, when the metal-sputtered layer or altema- 
tively metal-evaporated layer 6 formed of aluminum is 
to be plated with copper, it is prefen-ed to carry out a 
5 pretreatment of forming a nickel film of several m or less 
in thickness on the surface of the aluminum layer for 
substituting nickel for zinc by immersing in a zinc nitrate 
solution for several seconds. 

[0036] On the other hand, in the electroplating method 

10 and the precision electroforming method, the finished 
wafer 1 1 having the metal-sputtered layer or altemative- 
ly metal-evaporated layer 6 formed thereon and an elec- 
trode made of a plating metal are immersed in a plating 
bath containing plating metal ions, whereon a voltage is 

15 applied across the metal-sputtered layer or altematively 
metai-evaporated layer 6 formed on the finished wafer 
11 and serving as the cathode and the electrode im- 
mersed in the plating bath and serving as the anode, to 
thereby deposit the metal ions contained in the plating 

20 bath on the surface of the metal-sputtered layer or al- 
tematively metal-evaporated layer 6. In the electroplat- 
ing method or the precision electroforming method, a 
solution of copper sulfate, cupric chloride, copper nitrate 
or the like is employed as the plating solution for plating 

25 with copper. 

[0037] The IC element manufacturing method accord- 
ing to the instant exemplary embodiment is so arranged 
that the required conductive pattem inclusive of coils is 
first formed on the finished wafer 11, whereon the fin- 

30 ished wafer 11 is scribed to thereby obtain the desired 
IC element 1 . Thus, the IC elements each formed inte- 
grally with the coil can be manufactured with high effi- 
ciency at lower manufacturing cost when compared with 
the case where the individual coils are each formed on 

35 the individual IC elements, respectively. Besides, it is 
possible to form the coils in a uniform thickness, respec- 
tively, for all the IC elements formed on the wafer with 
high precision, as a result of which dispersion or vari- 
ance of the communication characteristics can be dimin- 

40 ished. Furthermore, if the coil is formed for each of the 
individual IC elements by using the sputtering method 
or altematively the vacuum evaporation method and the 
plating method, unwanted electrical conductor materials 
will be deposited on the outer peripheral portion of the 

45 \c element, giving rise to a problem in respect to the 
insulation quality of the IC element. Similariy. in the case 
the required conductive pattem inclusive of the coil is 
formed on the finished wafer 11. unwanted conductive 
materials may be deposited on the outer peripheral por- 

50 tion of the finished wafer 11 upon sputtering or the like 
process. However, since the outer peripheral portion 
mentioned above is intrinsically destined to be disposed 
of as the unwanted portion, adverse influence to the in- 
sulation quality of the individual IC elements can be 

55 avoided. Additionally, in the IC element manufacturing 
method according to the instant example, the metal- 
plated layer 7 is formed in the state where the photore- 
sist layer 12 has been deposited, and thereafter the por- 
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tions of the metal-sputtered layer or alternatively metal- 
evaporated layer 6 where the metal-plated layer 7 is not 
laminated are removed by etching. Thus, the metai-ptat- 
ed layer 7 is laminated only on the top surface of the 
metal-sputtered layer or altemattveiy metal-evaporated 
layer 6 without spreading widthwise. Owing to these fea- 
tures, the antenna coil 3 can be formed with high accu- 
racy or precision, which in tum means that the antenna 
coil 3 having an increased number of turns can be 
formed within a narrow space. 

[0038] On the other hand, in the case of the IC ele- 
ment manufacturing method according to a second ex- 
emplary embodiment shown in Fig. 5, a photoresist lay- 
er 12 is uniformly formed over the surface passivation 
film 2 formed on the finished wafer 11 and then the pho- 
toresist layer 1 2 as formed is covered with a mask 1 3 of 
a required pattem inclusive of coils, whereon the pho- 
toresist layer 12 is exposed to illumination of light rays 
14 of a predetermined wavelength extemally of the 
mask 13, as is shown in Fig. 5A. Thereafter, the pho- 
toresist layer 1 2 exposed undergoes a developing proc- 
ess, whereby the light-exposed portions of the photore- 
sist layer 1 2 are removed so that the portions of the sur- 
face passivation film 2 which correspond to the above- 
mentioned light exposure pattem are exposed extemal- 
ly as is shown in Fig. 5B. The light exposure pattem for 
the photoresist layer 12 can be so formed as to include 
an electrode portion 15. antenna coils 3 and lead por- 
tions 16, as is shown in Fig. 6. Subsequently, the fin- 
ished wafer 11 undergone the developing process is 
mounted on a sputtering apparatus or a vacuum evap- 
oration apparatus and then the metal-sputtered layer or 
alternatively metal-evaporated layer 6 is formed on the 
exposed portions of the surface passivation film 2 men- 
tioned above, as ts shown in Fig. 5C. In succession, the 
photoresist layer 12 remaining deposited on the finished 
wafer 11 is removed through the ashing or like process, 
as is shown in Fig. 5D. Thereafter, by employing the 
above-mentioned electrode portion 1 5 as one electrode, 
electroplating is performed on the metal-sputtered layer 
or alternatively metal-evaporated layer 6. to thereby 
laminate the metal-plated layer 7 on the exposed por- 
tions of the metal-sputtered layer or alternatively metal- 
evaporated layer 6, as is shown in Fig. 5E. Finally, the 
finished wafer 1 1 mentioned above is scribed for thereby 
obtaining the desired IC element 1 shown in Fig. 1. 
[0039] Incidentally, in the exemplary embodiments 
described above, the electroplating method is adopted 
as the means for forming the metal-plated layer 7. It 
should however be understood that instead of such 
method, an electrotess plating method may be adopted 
for forming the metal-plated layer 7 mentioned above. 
In that case, since no electrode is required for forming 
the metal-plated layer 7. it is unnecessary to form the 
electrode portion 15 and the lead portions 16 upon ex- 
posure of the photoresist layer 12 to the light rays. 
[0040] The IC element manufacturing method accord- 
ing to the instant example can assure the similar advan- 



tageous effects as those of the IC element manufactur- 
ing method according to the first exemplary embodiment 
and additionally allows the number of the steps of form- 
ing the conductor pattem on the finished wafer 11 to be 
5 decreased, whereby the IC element formed integrally 
with the antenna coil can be manufactured at higher ef- 
ficiency. 

<lnformation carrier> 

10 

[0041] In the following, description will be made of in- 
formation carriers according to exemplary embodiments 
of the present invention by reference to Figs. 7 to 17. 
Figure 7 is a plan view of an information carrier accord- 

^5 ing to a first exemplary embodiment with a portion being 
broken away. Fig. 8 is a developed perspective view 
showing the information carrier according to the first ex- 
emplary embodiment. Fig. 9 is a sectional view of the 
information carrier according to the first exemplary em- 

20 bodiment. Fig. 1 0 is a view showing the information car- 
rier according to the first exemplary embodiment in the 
state being used. Fig. 11 is a sectional view of an infor- 
mation carrier according to a second exemplary embod- 
iment. Fig. 1 2 is a sectional view of an information carrier 

25 according to a third exemplary embodiment. Fig. 13 is 
a sectional view of an information carrier according to a 
fourth exemplary emk>odiment, Fig. 14 is a sectional 
view of an information carrier according to a fifth exem- 
plary embodiment. Fig. 15 Is a sectional view of an in- 

30 formation carrier according to a sixth exemplary embod- 
iment, Fig. 1 6 is a sectional view of an information carrier 
according to a seventh exemplary embodiment, and Fig. 
1 7 is a sectional view of an information carrier according 
to an eighth exemplary embodiment. 

35 [0042] An information carrier 20a according to the first 
exemplary embodiment is comprised of a coin-like sub- 
strate 21 formed circulariy in the planar shape and an 
IC element 1 mounted on the substrate 21 at a center 
portion as viewed planewise and thicknesswise of the 

^ substrate, as is shown in Figs. 7 to 9. As the IC element 
1 , the IC element which is formed integrally with the an- 
tenna coil, as shown in Fig. 1 and Fig. 2. is employed. 
[0043] The substrate 21 is composed of a top member 
22, an intermediate member 23 and a bottom member 

45 24 which are integrally bonded together through inter- 
posed adhesive layers 25, respectively, as is shown in 
Fig. 8 and Fig. 9. Each of individual members 22, 23 and 
24 constituting the substrate 21 may be formed of a pa- 
per sheet or a plastics sheet. However, it is preferred 

50 above all to form these members of paper sheets, re- 
spectively, in consideration of their susceptibility to the 
spontaneous decomposition after having been 
scrapped, less generation of harmful gases in incinera- 
tion and inexpensiveness. Of course, it is possible to 

55 form one or two of the members 22, 23 and 24 of a paper 
sheet with the other one or two members being formed 
of a plastics sheet. 

[0044] Formed in the intermediate member 23 at a 
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center portion thereof is a through-hole 27 into which 
the IC element 1 can be inserted. Thus, by bonding to- 
gether the members 22, 23 and 24. a chamber in which 
the IC element 1 can be accommodated is fomned. In- 
cidentally, the !C element 1 should preferably be bonded 
fixedly to the bottom member 24 with a view to protecting 
the IC element from quaking upon handling of the infor- 
mation earner. In that case, it is preferred from the stand- 
point of the manufacturing cost to form uniformly the ad- 
hesive layer 25 over one surface of the bottom member 
24 so that bonding of the intermediate member 23 and 
the bottom member 24 on one hand and the bonding of 
the bottom member 24 and the IC element 1 on the other 
hand can be realized by making use of the adhesive lay- 
er 25. Further, the planar shape of the through-hole 27 
may be selected arbitrarily. However, it is preferred from 
the manufacturing viewpoint to form the through-hole 27 
in a circular shape, as shown in Fig. 7 and Fig. 8, be- 
cause in that case there arises no necessity for precise 
alignment of orientation of the IC element 1 in the rota- 
tional direction with a recess which is formed by bonding 
together the intermediate member 23 and the bottom 
member 24, when the IC element is placed in that re- 
cess. 

[0045] By virtue of such arrangement that the IC ele- 
ment 1 is disposed at a center portion of the substrate 
21 formed in a circular form as viewed in the planar di- 
rection, i.e., perpendiculariy to the plane of the sut>- 
strate, in the case of the information carrier 20a accord- 
ing to the instant exemplary embodiment, the informa- 
tion carrier 20 can be placed within a slot 101 formed 
substantially semicircularly in a reader/writer 100 
equipped with an antenna coil 102 for contactless com- 
munication and disposed at a center of an arcuate por- 
tion of the slot 101. In that case, the antenna coil 3 
formed integrally with the IC element 1 can automatical- 
ly be centered or aligned with the antenna coil 102 of 
the reader/writer 100, as can be seen in Fig. 10, where- 
by the electromagnetic coupling between both the coils 
3 and 102 can be increased, as a result of which electric 
power supply to the information carrier 20 from the read- 
er/writer 100 as well as signal transmission/reception 
between the readerAA^riter 100 and the information car- 
rier 20 can be carried out with high reliability. Further- 
more, because the information carrier 20a is shaped in 
a circular form as viewed in the planar direction, i.e., per- 
pendicularly to the plane of the information carrier, the 
infomiation carrier exhibits no directivity relative to the 
slot 101 formed substantially semicircularty, whereby 
excellent handleability of the information earner can be 
ensured. Besides, because the IC element 1 is com- 
pletely embedded within the substrate 21 , not only high 
protection effectivity and excellent durability but also 
good aesthetic appearance owing to invisibility of the IC 
element 1 can be ensured for the information carrier. 
[0046] Referring to Fig. 1 1 , an information earner 20b 
according to the second embodiment includes a sul>- 
strate 21 constituted by a top member 22. an interme- 



diate member 23 and a bottom member 24 and features 
disposition of a booster coil 28 in a concentric circular 
array around the IC element 1. In the figure, reference 
numeral 29 denotes a recess for accommodating there- 

5 in the booster coil 28, wherein the recess is formed in a 
ring-like shape around a through-hole 27 of the interme- 
diate member 23. In the other respects, the structure of 
the information carrier according to the second exem- 
plary embodiment is identical with that of the information 

10 carrier 20a according to the first exemplary embodi- 
ment. Accordingly, repeated description thereof is omit- 
ted. The information carrier 20b according to the instant 
exemplary embodiment presents similar advantageous 
effects as those of the information carrier 20a according 

15 to the first exemplary embodiment. In addition, by virtue 
of the concentric circular disposition of the booster coil 
28 aground the IC element 1 , the electromagnetic cou- 
pling between the antenna coil 3 formed integrally with 
the IC element 1 and the antenna coil 102 of the reader/ 

20 writer 1 00 can be increased owing to interposition of the 
booster coll 28, whereby stabilization of the electric pow- 
er as well as stabilization of the signal transmission/re- 
ception can further be enhanced with the communica- 
tion range being also increased. 

25 [0047] Referring to Fig. 1 2, an information canrier 20c 
according to the third exemplary embodiment includes 
a substrate 21 which is constituted by two members, i. 
e., a top member 22 and a bottom member 24, and fea- 
tures a recess 30 formed in the bottom member 24 for 

30 accommodating therein the IC element 1. In the other 
respects, the structure of the information carrier 20c ac- 
cording to the third exemplary embodiment is identical 
with that of the information carrier 20a according to the 
first exemplary embodiment. Accordingly, repeated de- 

35 scription thereof is omitted. The information carrier 20c 
according to the instant exemplary embodiment 
presents similar advantageous effects as those of the 
information carrier 20a according to the first exemplary 
embodiment. Besides, because the number of the parts 

40 constituting the information carrier is small, more inex- 
pensive implementation of the information carrier can 
be realized. 

[0048] Referring to Fig. 1 3, the Information carrier 20d 
according to the fourth exemplary embodiment includes 

45 a substrate 21 which is constituted by two members, i. 
e., a top member 22 and a bottom member 24, and fea- 
tures a first recess 30 formed in the bottom member 24 
for accommodating therein the IC element 1 and a sec- 
ond recess 29 formed for accommodating therein a 

50 ijooster coil 28. In the other respects, the structure of 
the information carrier 20d according to the third exem- 
plary embodiment is identical with that of the information 
carrier 20c according to the third exemplary embodi- 
ment. Accordingly, repeated description thereof is omit- 

55 ted. The information carrier 20c according to the instant 
exemplary emtMxtiment presents similar advantageous 
effects as those of the information carrier 20b according 
to the second exemplary embodiment. Besides, be- 



8 



15 



EP 1 455 302 A1 



16 



cause the number of the parts constituting the infonma- 
tion carrier is small, more inexpensive implementation 
of the information carrier can be realized. 
[0049] Refen-ing to Fig. 14, the information carrier 20e 
according to the fifth exemplary embodiment includes a 
substrate 21 which is constituted by two members, i.e., 
a top member 22 in which a through-hole 27 for accom- 
modating therein the IC element and a bottom member 
24 in which no through-hole 27 is fomned, and features 
that the IC element 1 is accommodated within a recess 
formed by bonding together the top member 22 and the 
bottom member 24 with the interior of the recess being 
sealed off by filling a potting resin 31. In the other re- 
spects, the stnjcture of the information carrier 20e ac- 
cording to the fifth exemplary embodiment is identical 
with that of the infonmation earner 20a according to the 
first exemplary embodiment. Accordingly, repeated de- 
scription thereof is omitted. The information carrier 20e 
according to the instant exemplary embodiment exhibits 
similar advantageous effects as those of the information 
carrier 20a according to the first exemplary embodiment 
except that the IC element 1 is not covered with the sub- 
strate. 

[0050] Referring to Fig. 1 5, the information carrier 20f 
according to the sixth exemplary embodiment features 
a substrate 21 constituted by two members, i.e., a top 
member 22 in which a through-hole 27 for accommodat- 
ing therein the IC element and a recess 29 for accom- 
modating a booster coil are concentrically formed 
around a through-hole 27 and a bottom member 24 
which has neither the through-hole 27 nor the recess 
29, wherein the booster coil 28 is placed within the re- 
cess 29 with the recess 29 being sealed off with a potting 
resin 31 while the IC element 1 is accommodated within 
a recess formed by bonding together the top member 
22 and the bottom member 24 with that recess also be- 
ing sealed off with the potting resin 31 . In the other re- 
spects, the structure of the information carrier 20f ac- 
cording to the sixth exemplary embodiment is identical 
with that of the information earner 20e according to the 
fifth exemplary embodiment. Accordingly, repeated de- 
scription thereof is omitted. The information carrier 20f 
according to the instant exemplary embodiment exhibits 
similar advantageous effects as those of the information 
carrier 20a according to the first exemplary embodiment 
except that the IC element 1 is not covered with the sub- 
strate. 

[0051] Referring to Fig. 16. the information canier20g 
according to the seventh exemplary embodiment fea- 
tures a substrate 21 constituted by a single member 
having one surface formed with a recess 30 for accom- 
modating the IC element 1, which recess is sealed off 
with a potting resin 31 after the IC element 1 has been 
disposed therein. In the other respects, the structure of 
the information carrier 20g according to the seventh ex- 
emplary embodiment is identical with that of the infor- 
mation carrier 20e according to the fifth exemplary em- 
bodiment. Accordingly, repeated description thereof is 



omitted. The information carrier 20g according to the in- 
stant exemplary embodiment presents similar advanta- 
geous effects as those of the information carrier 20e ac- 
cording to the fifth exemplary embodiment. Besides, be- 

5 cause the number of the parts constituting the informa- 
tion carrier is small, more inexpensive implementation 
of the information carrier can be realized. 
[0052] Referring to Fig. 1 7, the information carrier 20h 
according to the eighth exemplary embodiment features 

10 a substrate 21 constituted by a single member which 
has one surface formed with a first recess 30 for accom- 
modating therein the IC element 1 and a second recess 
29 for accommodating therein a booster coil 28, wherein 
the IC element 1 is disposed within the first recess 30 

15 mentioned above with this recess being sealed off with 
a potting resin 31 while the booster coil 28 is accommo- 
dated within the second recess 29 mentioned above 
with this recess being also sealed off with the potting 
resin 31 . In the other respects, the structure of the infor- 

20 mation carrier 20h according to the eighth exemplary 
embodiment is identical with that of the information car- 
rier 20g according to the seventh exemplary embodi- 
ment. Accordingly, repeated description thereof is omit- 
ted. The infonmation carrier 20h according to the instant 

25 exemplary emt>odiment presents similar advantageous 
effects as those of the infomiation carrier 20f according 
to the sixth exemplary embodiment. Besides, because 
the number of the parts constituting the information car- 
rier is small, more inexpensive implementation of the in- 

30 formation carrier can be realized. 

[0053] At this juncture, it is to be mentioned that In the 
exemplary embodiments described above, the sub- 
strate 21 is formed circulariy as viewed in the planar di- 
rection, i.e.. perpendiculariy to the plane of the sut>- 

35 strata. It should however be appreciated that the sub- 
strate may be formed in other appropriate shapes such 
as square, rectangle, triangle or polygon, etc.. 
[0054] Further, in the case of the information carriers 
according to the second, fourth sixth and eighth exem- 

40 plary embodiments, the discrete booster coil 28 is dis- 
posed in the through-hole and the recess formed in the 
substrate 21 . It should however be understood that the 
booster coil 28 can directly be formed on the member 
constituting the substrate 21 by printing, plating, sput- 

45 tering or the like process. 

[0055] Furthermore, by implementing the booster coil 
28 with a first coil for perfonming contactless communi- 
cation with the IC element and a second coil of a greater 
capacity than the first coil for performing communication 

50 with an extemal reader/writer with and interconnecting 
the first and second coils in series to each other, the 
communication range or coverage can be extended. 

<Method of manufacturing the information carrier> 

55 

[0056] Next, exemplary embodiments of the informa- 
tion carrier manufacturing method according to the 
present invention will be described by reference to Fig. 
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18 to Fig. 22. Figure 18 is a fragmental perspective view 
showing a first example of a strip material employed in 
manufacturing an information carrier according to the 
present invention. Fig. 19 is a fragmental perspective 
view showing a second example of the strip material, 5 
Fig. 20 is a fragmental perspective view showing a third 
example of the strip material, Fig. 21 is a fragmental per- 
spective view showing a fourth example of the strip ma- 
terial, and Fig. 22 is a fragmental perspective view 
showing a fifth example of the strip material. 
[0057] In the information carrier manufacturing meth- 
od according to the present invention, required parts to 
be mounted inclusive of the I C element 1 are disposed 
fixedly on a raw material (strip material) for implement- 
ing a unitary substrate formed in a strip-like shape, 
whereon other strip material or materials is bonded onto 
one or both surfaces of the strip material, as the case 
may be. or alternatively potting for the parts to be mount- 
ed are carried out, and thereafter the concerned infor- 
mation carriers are punched by die-cutting from the sin- 
gle or the unitary bonded strip. For carrying out the in- 
formation carrier manufacturing method according to 
the present invention, there may be selectively em- 
ployed a strip material 41 in which through-holes 27 for 
accommodating the IC elements 1. respectively, are 
formed with a constant interspace, as shown in Fig. 18. 
a strip material 42 in which through-holes 27 are formed 
with a constant interspace for accommodating the IC el- 
ements 1, respectively, and in which ring-shaped re- 
cesses 29 destined for accommodating booster coils 28, 
respectively, are formed concentrically around the 
through-holes 27 with adhesive layers 32 being applied 
onto bottom surfaces of the ring-shaped recesses 29. 
respectively, as shown in Fig. 19, a strip material 43 in 
which recesses 30 are formed with a constant inter- 
space for accommodating therein the IC elements 1 , re- 
spectively, with an adhesive layer 32 being applied onto 
a bottom surface of each of the recesses 30, as shown 
in Fig. 20. a strip material 44 in which first recesses 30 
are formed with a constant interspace for accommodat- 
ing therein the IC elements 1 . respectively, and in which 
second recesses 29 each of a ring-like shape are con- 
centrically formed around the first recesses 30, respec- 
tively, with adhesive layers 32 being applied onto the 
bottom surfaces of the recesses 29 and 30, respectively, 
as shown in Fig. 21 . or a strip material 45 on which nei- 
ther through-holes nor recesses are formed but an ad- 
hesive layer 25 is uniformly applied over one surface of 
the strip material, as shown in Fig. 22. 
[0058] A first example of the information carrier man- 
ufacturing method according to the present invention is 
destined for manufacturing the information carrier 20a 
according to the first exemplary embodiment by using 
one sheet of strip material 41 shown in Fig. 18 and two 
sheets of strip materials 45 shown in Fig. 22. At first, 
one of the strip materials 45 is bonded to one surface of 
the strip material 41 with the adhesive layer 25 being 
interposed therebetween to thereby obtain a unitary 



bonded strip composed of the strip materials 41 and 45 
having spaces within which the IC elements 1 can be 
accommodated, respectively. Subsequently, the IC ele- 
ments 1 are positioned to be placed within the spaces 
mentioned above, respectively, whereon the IC ele- 
ments 1 are bonded to the strip material 45 by using the 
adhesive layers 25, respectively. In succession, the oth- 
er strip material 45 is bonded to the other surface of the 
strip material 41 with the adhesive layer 25 interposed 
therebetween to thereby realize a unitary bonded strip 
composed of the strip materials 41 and 45 and having 
the IC elements 1 accommodated within the internal 
spaces, respectively. Finally, the unitary bonded strip is 
cut into segments each of a predetermined shape to ob- 
tain the infomnation carriers 20a according to the first 
embodiment. With the information carrier manufacturing 
method according to the instant exemplary embodi- 
ment, a large number of the IC elements 1 are encased 
internally of the strip materials 41 and 45 and then the 
concemed information carriers are formed by punching 
from the bonded strip materials 41 and 45. Thus, the 
identical information carriers can be manufactured with 
high efficiency and hence the manufacturing cost of the 
information carrier can be reduced. 
[0059] A second example of the information carrier 
manufacturing method according to the present inven- 
tion is destined for manufacturing the information carrier 
20b according to the second exemplary embodiment by 
using one sheet of the strip material 42 shown in Fig. 19 
and two sheets of the strip materials 45 shown in Fig. 
22. At first, the booster coils 28 are placed within ring- 
like recesses 29 formed in the strip material 42 and then 
the booster coil 28 are bonded to the bottom surfaces 
of the recesses 29 by using adhesive layers 32. respec- 
tively. Subsequently, the strip material 45 is bonded to 
one of the surfaces of the strip material 42 by using the 
adhesive layer 25 interposed therebetween to thereby 
obtain a unitary bonded strip composed of the strip ma- 
terials 42 and 45 bonded together and having spaces 
within which the IC elements 1 can be accommodated, 
respectively. In succession, the IC elements 1 are posi- 
tioned to be placed within the above-mentioned spaces 
and bonded to the strip material 45 with the adhesive 
layer 25. Thereafter, the other sheet of strip material 45 
is bonded to the other surface of the strip material 41 
with the adhesive layer 25 interposed therebetween to 
thereby obtain the bonded strip constituted by the strip 
materials 42 and 45 and having the IC elements 1 ac- 
commodated within the internal spaces, respectively. 
Next, the space within which the IC element 1 has been 
accommodated is filled with a potting resin 31 to obtain 
the unitary bonded strip composed of the strip materials 
41 and 45 and having the IC elements 1 fixedly embed- 
ded therein. Finally, the unitary bonded strip is cut into 
segments each of a predetermined shape to obtain the 
information carriers 20e according to the fifth exemplary 
embodiment. The instant example of the information 
carrier manufacturing method presents similar advanta- 
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geous effects as those of the information earner manu- 
facturing method according to the first embodiment. 
[0060] A third example of the information carrier man- 
ufacturing method according to the present invention is 
destined for manufacturing the information carrier 20c 
according to the third exemplary embodiment by using 
a single sheet of the strip material 43 shown in Fig. 20 
and a single sheet of the strip material 45 shown in Fig. 
22. At first, the IC elements 1 are positioned to be placed 
within the recesses 30, respectively, which are formed 
in the strip materia! 43 and then the IC elements are 
bonded to the bottom surfaces of the recesses 30 by 
using the adhesive layers 32. respectively. Subsequent- 
ly, the strip material 45 is bonded to the surface of the 
strip material 43 formed with the recesses by using the 
adhesive layer 25 interposed therebetween to thereby 
obtain a unitary bonded strip which is composed of the 
strip materials 43 and 45 bonded together and having 
the IC elements 1 embedded therein. Finally, the unitary 
bonded strip is cut into segments each of a predeter- 
mined shape to thereby obtain the information earners 
20c according to the third exemplary embodiment. The 
instant example of the information carrier manufacturing 
method presents similar advantageous effects as those 
of the information carrier manufacturing method accord- 
ing to the first embodiment. 

[0061] A fourth example of the information carrier 
manufacturing method according to the present inven- 
tion is destined for manufacturing the information carrier 
20d according to the fourth exemplary embodiment by 
using a single sheet of the strip material 44 shown in 
Fig. 21 and a single sheet of the strip material 45 shown 
in Fig. 22. At first, the IC elements 1 are positioned to 
be placed within the first recesses 30, respectively, 
which are formed in the strip material 44. and then the 
IC elements are bonded to the bottom surfaces of the 
above-mentioned recesses 30 by using the adhesive 
layers 32, respectively, while the booster coils 28 are 
accommodated within the second ring-like recesses 29, 
respectively, which are formed in the strip material 44 
and bonded to the bottom surfaces of the above-men- 
tioned recesses 29, respectively, by using the adhesive 
layers 32 interposed therebetween. Subsequently, the 
strip material 45 is bonded to the surface of the strip 
material 44 having the recesses by using the adhesive 
layer 25 interposed therebetween to thereby obtain a 
unitary bonded strip which is composed of the strip ma- 
terials 44 and 45 bonded together and having internal 
spaces within which the IC elements 1 have been ac- 
commodated, respectively. Finally, the unitary bonded 
strip is cut into segments each of a predetermined shape 
to obtain the information carriers 20c according to the 
third exemplary embodiment. The instant example of 
the information carrier manufacturing method presents 
similar advantageous effects as those of the information 
carrier manufacturing method according to the first em- 
bodiment. 

[0062] A fifth example of the information carrier man- 



20 

ufacturing method according to the present invention is 
destined for manufacturing the information carrier 20e 
according to the fifth exemplary embodiment by using a 
single strip material 41 shown in Fig. 18 and a single 
5 sheet of strip material 45 shown in Fig. 22. At first, the 
strip material 45 is bonded to one surface of the strip 
material 41 with the adhesive layer 25 being interposed 
therebetween to thereby obtain a bonded strip com- 
posed of the strip materials 41 and 45 and having the 
10 spaces within which the IC elements 1 can be accom- 
modated, respectively. Subsequently, the IC elements 
1 are positioned to be placed within the above-men- 
tioned spaces, respectively, whereon the IC elements 
are bonded to the strip material 45 by using the adhesive 
^5 layer 25 interposed therebetween. In succession, the 
spaces in which the above-mentioned IC elements 1 are 
accommodated, respectively, are each filled with the 
potting resin 31 to thereby obtain the unitary bonded 
strip constituted by the strip materials 41 and 45 and 
20 having the IC elements 1 embedded therein. Finally, the 
unitary bonded strip is cut into segments each of a pre- 
determined shape to obtain the information carriers 20e 
according to the fifth exemplary embodiment. The in- 
stant example of the information carrier manufacturing 
25 method equally presents similar advantageous effects 
as those of the information carrier manufacturing meth- 
od according to the first embodiment. 
[0063] A sixth example of the information earner man- 
ufacturing method according to the present invention is 
30 destined for manufacturing the information carrier 20f 
according to the sixth exemplary embodiment by using 
one sheet of the strip material 42 shown in Fig. 19 and 
a single sheet of the strip material 45 shown in Fig. 22. 
At first, the booster coils 28 are placed within the ring- 
35 like recesses 29, respectively, which are formed in the 
strip material 42, and then the booster coils 28 are bond- 
ed to the bottom surfaces of the recesses 29 by using 
the adhesive layers 32, respectively. Subsequently, the 
strip material 45 is bonded to one of the surfaces of the 
40 strip material 42 by using the adhesive layer 25 inter- 
posed therebetween to thereby obtain a bonded strip 
composed of the strip materials 42 and 45 bonded to- 
gether and having the spaces within which the IC ele- 
ments 1 can be accommodated, respectively. In succes- 
45 sion, the IC elements 1 are positioned to be placed with- 
in the above-mentioned spaces, respectively, and bond- 
ed to the strip material 45 with the adhesive layer 25 
interposed therebetween. In succession, the recesses 
29 in which the above-mentioned booster coils 28 are 
50 accommodated and the spaces in which the above- 
mentioned IC elements 1 are accommodated are each 
filled with the potting resin 31 to thereby obtain the uni- 
tary bonded strip constituted by the strip materials 42 
and 45 and having the IC elements 1 and the booster 
55 coils 28 which are embedded therein. Finally, the unitary 
bonded strip is cut into segments each of a predeter- 
mined shape to obtain the infomnation carriers 20f ac- 
cording to the sixth exemplary embodiment. The instant 
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example of the information carrier manufacturing meth- 
od equally presents similar advantageous effects as 
those of the information carrier manufacturing method 
according to the first embodiment. 

[0064] A seventh example of the information carrier 5 
manufacturing method according to the present inven- 
tion is destined for manufacturing the infonnation carrier 
20g according to the seventh exemplary embodiment 
by using a single sheet of the strip material 43 shown in 
Fig. 20. At first, the IC elements 1 are positioned to be io 
accommodated within recesses 30, respectively, which 
are formed in the strip material 43 and then the IC ele- 
ments are bonded to the bottom surfaces of the recess- 
es 30, respectively, by using the adhesive layers 32, re- 
spectively. In succession, the recesses 30 in which the 
above-mentioned IC elements 1 are accommodated are 
each filled with the potting resin 31 to thereby obtain the 
strip material 43 having the IC elements 1 emt)edded 
therein. Finally, this strip material 43 is cut into segments 
each of a predetemnined shape to obtain the information 20 
earners 20g according to the seventh exemplary em- 
bodiment. The instant example of the information carrier 
manufacturing method equally presents similar advan- 
tageous effects as those of the information carrier man- 
ufacturing method according to the first embodiment. 25 
[0065] An eighth example of the information carrier 
manufacturing method according to the present inven- 
tion is destined for manufacturing the information carrier 
20h according to the eighth exemplary embodiment by 
using a single sheet of the strip material 44 shown in 30 
Fig. 21. At first, the IC elements 1 are positioned to be 
accommodated within the first recesses 30, respective- 
ly, which are formed in the strip material 43 and then the 
IC elements are bonded to the bottom surfaces of the 
recesses 30, respectively, by using the adhesive layers 35 
32, respectively, while the booster coils 28 are accom- 
modated within the second ring-like recesses 29, re- 
spectively, which are formed in the strip material 44 and 
then the booster coils are bonded to the bottom surfaces 
of the recesses 29 by using the adhesive layers 32, re- 
spectively. In succession, the first recesses 30 in which 
the above-mentioned IC elements 1 are accommodated 
and the second recesses 29 in which the above-men- 
tioned booster coils 28 are accommodated are each 
filled with the potting resin 31 to thereby obtain the strip 45 
material 43 having the IC elements 1 and the booster 
coils 28 embedded therein. Finally, this strip is cut into 
segments each of a predetermined shape to obtain the 
information carriers 20h according to the eighth exem- 
plary embodiment. The instant example of the infonma- so 
tion carrier manufacturing method equally presents sim- 
ilar advantageous effects as those of the infomiation 
earner manufacturing method according to the first em- 
bodiment. 

[0066] Incidentally, in the second, fourth, sixth and 55 
eighth exemplary embodiments described above, the 
booster coil 28 is formed separately or independently 
from the substrate 21 , the booster coil 28 may be formed 



by printing on any one of the strip materials constituting 
the substrate 21. 

[0067] As is apparent from the foregoing description, 
in the I C element according to the present invention, the 
electric conductor of the coil formed integrally with the 
IC element is implemented in a multilayer structure in- 
cluding the metal-sputtered layer or alternatively metal- 
evaporated layer and the metal-plated layer. Thus, 
when compared with the !C element in which the electric 
conductor is formed only of the metal-sputtered layer or 
alternatively metal-evaporated layer, loss of the electro- 
magnetic energy can be reduced, which can contribute 
to stabilization of electric power reception from the read- 
er/writer, stabilization of communication with the reader/ 
writer and extension of the communication range rela- 
tive to the reader/writer. 

[0068] In the IC element manufacturing method ac- 
cording to the present invention, a large number of coils 
corresponding to the individual IC elements, respective- 
ly, can simultaneously be formed in the finished wafer 
instead of forming the coil in each of the IC elements. 
Thus, the !C element formed intemally with the coil can 
be manufactured with high efficiency, as a result of 
which this sort of IC element can be manufactured at 
low cost. 

[0069] In the information carrier according to the 
present invention, the IC element formed integrally with 
the coil is disposed at a center portion of the substrate 
as viewed in the planar direction, i.e., perpendiculariy to 
the plane of the substrate. Thus, the center of the coil 
formed integrally with the IC element and that of the an- 
tenna coil of the reader/writer can easily be aligned with 
each other, which means that the electromagnetic cou- 
pling coefficient between both the coils is increased, 
whereby the electric power supply to the information 
carrier from the reader/vmteras well as the signal trans- 
mission/reception between the reader/writer and the in- 
formation earner can be stabilized. 
[0070] In the information carrier manufacturing meth- 
od according to the present invention, the unitary strip 
in which the required parts to be mounted inclusive of 
the IC elements are mounted on the strip material is 
manufactured, whereon the concerned information car- 
riers are formed by punching the unitary strip. Thus, the 
identical information carriers can be manufactured with 
high efficiency, whereby the cost involved in manufac- 
turing the information carriers each incorporating the IC 
element can be reduced. 

[0071] According to further aspects of the present in- 
vention, the following may be provided: 
[0072] An IC element formed integrally with a coil for 
performing contactless data communication with exter- 
nal equipment, characterized in that a conductor consti- 
tuting said coil is implemented in a multilayer structure 
including: a metal-sputtered layer or altematively a met- 
al-evaporated layer; and a metal-plated layer. 
[0073] Advantageously, said metal-sputtered layer, or 
altematively said metal-evaporated layer, is formed of 
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at least one metal of aluminum, nickel, copper and chro- 
mium or alternatively an alloy containing those metals, 
and 

said metal-plated layer deposited on said metal- 
sputtered layer, or alternatively said metal-evaporated 5 
layer, is fonned of copper. 

[0074] Advantageously, said coil is formed on a sur- 
face of said IC element formed with input/output termi- 
nals with interposition of an electrically insulative sur- 
face passivation film, and 

the input/output terminals of said IC element and 
said coil are electrically interconnected through through- 
holes formed in said surface passivation film, each 
through-hole having a diameter smaller than a line width 
of said coil. 

[0075] Advantageously, said coil is implemented in a 
rectangular spiral pattern in a planar shape and all or 
some of comer portions of said rectangular spiral pattern 
are chamfered. 

[0076] Advantageously, said metal-plated layer is 
formed by an electroless plating method, or altematively 
an electroplating method, or altematively a precision 
electroforming method. 

[0077] Advantageously, a line width of said coil is not 
smaller than 7 ^m. an inter-line distance thereof is not 
greater than Sfim and the number of turns thereof is not 

smaller than 20 turns. 

[0078] A method of manufacturing an IC element, 
wherein said method comprises: 

forming uniformly a metal-sputtered layer, or alter- 
natively a metal-evaporated layer, on a surface pas- 
sivation film of a finished wafer manufactured 
through a predetermined process; 
forming uniformly a photoresist layer on said metal- 
sputtered layer, or altematively said metal-evapo- 
rated layer; 

forming in said photoresist layer a predetermined 
pattem inclusive of a coil for contactless data com- 
munication with extemal equipment through light 
exposure and development to thereby expose said 
metal-sputtered layer, or alternatively said metal- 
evaporated layer, through said predetermined pat- 
tem; 

laminating a metal-plated layer on exposed portions 
of said metal-sputtered layer, or altematively said 
metal-evaporated layer, through an electroless plat- 
ing method, or altematively an electroplating meth- 
od, or altematively a precision electroforming meth- 
od. 

eliminating the photoresist layer deposited on said 
finished wafer; 

forming a predetermined conductor pattem corre- 
sponding to said predetermined pattem by etching 
said metal-sputtered layer, or alternatrveiy said met- 
al-evaporated layer, exposed through said metal- 
plated layer; 

obtaining concerned IC elements each formed inte- 



grally with a coil by scribing said finished wafer. 

[0079] A method of manufacturing an IC element, 
characterized in that said method comprises a step of 
forming uniformly a photoresist layer on a surface pas- 
sivation film of a finished wafer manufactured through a 
predetermined process, a step of forming in said pho- 
toresist layer a predetermined pattem inclusive of a coil 
for contactless data communication with extemal equip- 
ment through light exposure and development to there- 
by expose said surface passivation film in said prede- 
termined pattern, a step of mounting the finished wafer 
undergone a development processing on a sputtering 
apparatus or altematively a vacuum evaporation appa- 
ratus and forming a metal-sputtered layer or altemative- 
ly a metal-evaporated layer on exposed portions of said 
surface protection film, a step of eliminating the photore- 
sist layer deposited on said finished wafer, a step of 
forming a metal-plated layer on said metal-sputtered 
layer or altematively on said metal-evaporated layer by 
resorting to an electroless plating method or alternative- 
ly an electroplating method, and a step of obtaining con- 
cemed IC elements each formed integrally with a coil by 
scribing said finished wafer. 

[0080] An information carrier including a substrate 
having mounted thereon an IC element formed integral- 
ly with an antenna coil for performing data communica- 
tion in a contactless manner with extemal equipment, 
wherein said IC element is disposed at a center portion 
of said substrate in a planar direction perpendiculariy to 
a plane of said substrate. 

[0081] Advantageously, both of top and bottom sur- 
faces of said IC element are covered by said substrate. 
[0082] Advantageously, only one surface of said IC el- 
ement is covered with said substrate. 
[0083] Advantageously, said substrate is formed in a 
circular or square planar shape. 
[0084] Advantageously, said substrate is wholly or 
partially formed of paper. 

[0085] Advantageously, said substrate is implement- 
ed in a three-bonded-layer structure including a top 
member, a bottom member and an intermediate mem- 
ber, and said IC element is accommodated within a 
through-hole formed in said intermediate member at a 
mid portion thereof. 

[0086] Advantageously, said through-hole is formed 
circulariy in a planar shape. 

[0087] Advantageously, said substrate is implement- 
ed in a two-bonded-layer structure including a top mem- 
ber and a bottom member, and said IC element is ac- 
commodated within a recess formed in said top mem- 
ber, or altematively in said bottom member at a mid por- 
tion thereof. 

[0088] Advantageously, said substrate is implement- 
ed in a single layer structure and said IC element is ac- 
commodated within a recess formed in said substrate 
at a mid portion thereof. 

[0089] Advantageously, said recess is formed circu- 
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larly in a plane shape. 

[0090] Advantageously, the information carrier further 
comprises another discrete coil which is separately 
formed independent of said IC element internally of said 
substrate. 

[0091] An information carrier manufacturing method 
comprising: 

bonding together a first strip material having regu- 
larly formed therein a number of through-holes in 
which IC elements can be inserted, respectively, 
and a second stri material formed with no through- 
hole, 

placing and fixing the IC elements each formed in- 
tegrally with a coil in said through-holes, respective- 
ly. 

bonding together said first strip material and a third 
strip material provided with no through-hole, 
punching said first to third strip materials bonded 
unitarily to thereby obtain the concerned informa- 
tion carriers each incorporating said IC element. 

[0092] An information carrier manufacturing method, 
comprising: 

placing and fixing coils formed separately inde- 
pendent of IC elements in a number of ring-like re- 
cesses formed in a first strip material concentrically 
around through-holes, respectively, which are 
formed regularty in said first strip material and ca- 
pable of accommodating said IC elements, respec- 
tively, 

bonding a second strip material having no through- 
hole onto one surface of said first strip material, 
placing fixedly said IC elements each formed inte- 
grally with a coil in siad through-holes, respectively, 
bonding together said first strip material and a third 
strip material having no through-hole, and 
punching said first to third strip materials bonded 
unitarily to thereby obtain desired information carri- 
ers each including the IC element and the coil 
formed separately independent of said IC element. 

[0093] An information carrier manufacturing method, 
comprising: 

placing fixedly IC elements each formed integrally 
with a coil in a number of recesses for accommo- 
dating the IC elements, respectively, which recess- 
es are regularty formed in a first strip material, 
bonding a second strip material having no through- 
hole onto a surface of said first strip material in 
which no through-holes are formed, and 
punching the first and second strip materials bond- 
ed unitarily to thereby obtain desired information 
carriers each incorporafing said IC element. 

[0094] An information earner manufacturing method. 



comprising: 

placing fixedly IC elements each formed integrally 
with a coil in a number of first recesses formed reg- 

5 ulariy in a first strip material which has second re- 

cesses each formed in a ring-like shape concentri- 
cally around said first recesses, respectively, said 
first recesses being capable of accommodating 
said IC elements, respectively. 

10 placing fixed coils formed discretely independent of 
said IC elements within said second recesses, re- 
spectively, formed in said first strip material, 
bonding a second strip material having no through- 
hole onto a surface of said first strip material in 

15 which said recesses are formed, and 

punching said first and second strip materials bond- 
ed unitarily to thereby obtain desired information 
carriers each including the IC element and the coil 
formed discretely independent of said IC element. 

20 

[0095] An information carrier manufacturing method, 
comprising: 

bonding together a first strip material having a 
25 number of through-holes formed regularty and al- 
lowing IC elements to be inserted therein, respec- 
tively, and a second strip material having no 
through-hole, 

placing and fixing said IC elements each formed in- 
30 tegrally with a coil in said through-holes, respective- 
ly. 

sealing off said through-holes having said IC ele- 
ments accommodated therein, and 
punching the first and second strip materials bond- 
35 ed unitarily to thereby obtain desired information 
carriers each incorporating said IC element 

[0096] An information carrier manufacturing method, 
comprising: 

40 

placing and fixing coils formed separately inde- 
pendent of IC elements in a number of ring-like re- 
cesses formed in a first strip material concentrically 
around through-holes, respectively, which are 
45 formed regulariy in said first strip material and ca- 
pable of accommodating said IC elements, respec- 
tively, 

bonding together said first strip material and a sec- 
ond strip material having no through-hole. 

50 sealing off said through-holes having said coils ac- 
commodated threin with a resin, and 
punching said first and second strip materials bond- 
ed unitarily to thereby obtain desired information 
carriers each including said IC element and the as- 

55 soclated coil formed separately independent of said 
IC element. 

[0097] An information carrier manufacturing method. 
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comprising: 

placing fixedly IC elements each fomed integrally 
with a coil in a number of recesses for accommo- 
dating said IC elements, respectively, said recesses 5 
being regularly formed in a strip material, 
sealing off said recesses having said IC elements 
accommodated therein with a resin, and 
punching said strip material to thereby obtain de- 
sired information carriers each incorporating said 10 
element. 

[0098] An information carrier manufacturing method, 
comprising: 

placing fixedly 10 elements each formed integrally 
with a coil in a number of first recesses, respective- 
ly, which are formed regulariy in a strip material hav- 
ing second ring-like recesses formed concentrically 
around said first recesses, respectively, said first re- 
cesses being capable of accommodating said IC el- 
ements, respectively, 

placing fixedly coils formed discretely independent 
of said 10 elements within said second recesses, 
respectively, of said strip material, 
sealing off said first and second recesses with a res- 
in, and 

punching said strip material to thereby obtain de- 
sired information carriers each including the IC el- 
ement and the coil formed discretely independent 
of said 10 element. 



3. A method for forming an IC element in an IC ele- 
ment according to claim 2, wherein said metal plat- 
ing layer is formed by non-electrolytic plating, elec- 
trolytic plating or precision electroforming. 
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Claims 

35 

1 . A method for manufacturing an IC element in which 
antenna coil for wireless communication is uniform- 
ly formed, said method comprising at least steps of: 



forming a conductive pattern at least including 40 
plurality of antenna coil for wireless communi- 
cation over a surface protection film of a wafer 
formed by a predetermined process; and 
obtaining an 10 element in which a single an- 
tenna coil is uniformly formed by way of a scrib- 45 
er wafer on which said conductive pattern is 
formed. 



2. A method for manufacturing an lO element in ac- 
cordance with claim 1 , wherein said step of forming so 
a conductive pattern further comprises at least 
steps of: 

forming a metal sputtering layer or a metal dep- 
osition layer, and 55 
forming metal plating on said metal sputtering 
layer or metal deposition layer. 
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